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THE REACTION OF SUBSTITUTED BENZENESULFONYL AZIDES
WITH N,N-DIETHYLAMINOPROP-l-YNE

Frederick Warren Stanley Jr., M.A.
Western Michigan University, 1970

When aryl sulfonyl azides substituted with electron releasing
groups reacted with N,N-diethylaminoprop-l-yne, the products were
found to be l-substituted-4-methyl-5-diethylamino-l,2,3-triazoles.
However, when the aryl substituents were electron withdrawing,

the

products wereo<-diazo amidines.
In solution, the triazoles were found to exist in equilibrium
with an^K-diazo tautomer.

NMR provided a quantitative method of

measuring the percentage of triazole andc<-diazo amidine tautomer.
The equilibrium was measured in various solvents.
The structures of the compounds were proven by chemical
degradation to a N,N-diethyl-N/-arylsulfonyl-propion-amidine.
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INTRODUCTION

The reactions of substituted benzenesulfonyl azides with
N,N-diethylaminoprop-l-yne give products which show an interesting
and unusual tautomerization between an c>C-diazo-N,N-diethyl-N substituted-propionamidine and a l-substituted-4-methyl-5-diethylamino-l,2,3-triazole.

The purpose of this research has been to

study the nature of these reactions and to establish the structure
of the adducts.

1
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HISTORICAL REVIEW

Vicinal or 1,2,3-triazoles were first prepared by Zinin1 in
1860, from the nitration of azoxybenzene.

The structure of

v-triazoles was not known until H. V. Pechmann

2

first proposed a

five membered ring containing three adjacent nitrogen atoms.
Triazoles have since been studied extensively and many synthetic methods for their preparation have been found.

3

4
’ ‘

Perhaps

the easiest and most often used method of entry into the triazole
system has been the 1,3 dipolar additions of azides to acetylenic
compounds.
Phenyl azides react with monosubstituted acetylenes to give
two isomeric v-triazoles.D

The orientation of phenyl azide is

determined
R-CEC-H + 6-N„ — >
r 3

R-C=C-H
/ \
N
N
* N /' X(j)

by both steric and electronic effects.

R-C=C-H
./ \
N
N
p/ XN*

-i.
+

5, 6

Aliphatic azides have also been used in the preparation of
1,2,3-triazoles.

When bis(di Et acetal)-acetylenldicarboxaldehyde

(1) reacts with hexyl or dodecal azides (.2) the l-substituted-4,57
diethylacetal-l,2,3-triazole (3_) is formed.
(EtO) -CH-CEC-CH-(EtO)

2

+ R-N — >

2
1

3
2

(EtO) -CH-C=C-CH-(O Et)

w

N

* NX ^

R=C6H 1 3 ’C12H 23

-

2

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Ynamines also react with phenyl azides to give amino substig
tuted triazoles.

i-C=C-N(Me)

+ <^-N ---> <^-C=C-N(Me)
N
N
\\ / U
N 4>
I

The addition of substituted ber.zenesulfonyl azides to acetylenic compounds has been studied and some interesting effects have
been observed.

When aromatic and aliphatic azides are added to

ethoxyacetylene the expected l-substituted-5-ethoxy-l,2,3-triazoles
(7) are obtained.

9

10

’

However, when sulfonyl azides are allowed to

react at room temperature with ethoxyacetylene the resulting product
is not a triazole but a diazo compound.
H-C=C-0Et + RN.
+
T

os

-N

11, 12

-> EtO-C=C-H
/
\
N ,N
' \
/
R N

R = Aromatic or aliphatic
group

3
EtO-C-CH
H w
-> T -N N
os
2

EtO-C=C-H
N
N
os

/
8

The formation of the diazo compound (9_) is believed to proceed
through a triazole intermediate (8_).
Hermes and Marsh

13

reacted cyanogen azide (10) with acetylene

and observed the formation of l-cyano-l,2,3-triazole (1 1 ) in
equilibrium w i t h d.-diazo-N-cyanoethylidenimine (12).
N 3CN + HC=CH

10

H-C=C-H
/ \
N
N-CN

11

+

H-C-CH

// A\
N

NCN

12
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It was found that this equilibrium was influenced by temperature
and solvent.

The equilibrium was shifted in favor of the diazo

compound when the temperature was increased or the polarity of the
solvent was increased.
Analogous reactions occur with the addition of benzenesulfonyl
azides to enamines 13.

Instead of the expected triazolene, the
1 4

'

products are amiaines _16_ and diazoketones 15.

^COCH=CH-NMe^) -r '?0<.-N3 --- >

^-CO-CH-CH-NMeip
N
N
^N
NT
os
14

§C OCHh'2 + ^MeN-CH=N-TQs
15

16

The products are easily explained if a triazoline intermediate 14
is postulated.

14

In the Dimroth rearrangement l-arvl-4 carbethoxy-5-hyaroxy1,2,3-triazole (1 7 ) isomerize in the presence of acid to form
-diazoamides (1 8 ).

15
H+

RO„C-C=CO-H
2 N
N
S '
N Ar
17a

R0.C-C=C-02 N
NH
^
'
N Ar
u.

> RCLC-C-C=0
2 \\ \
N2 NHAr

17b

18

The rearrangement is favored by electron withdrawing groups in the
para position of the aryl group.

The reaction is reversible and

in the presence of a base the ^-diazoamides are converted to the
salt of the triazoles.
It has been recently reported

*16

that l-anilino-3-oxo-indenes

(1 9 ) are converted to l-oxo-3-arylimino-2-diazo-indanes (2 0 ) or
l-oxo-3-aryl-3H,8H-indeno(l,2-d) triazoles (21).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

2. -fjo-TosN^
3. -o-TosN_

N

:6H4-X(£ )
20, X=H,C1,N0
21, X-CH ,0CH
Upon heating 21 could be converted to 20.
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EXPERIMENTAL

Analytical Procedure.

Melting points were taken on a Thomas-Hoover

melting point apparatus and are uncorrected.

A Beciynann IR-8

spectrophotometer was used to determine the ir spectra.

Varian

models A-SO and A-100 were used to determine the nmr spectra using
tetramethylsilane as an internal reference.

All elemental analyses

were performed by Midwest Microlabs, Inc., Indianapolis, Indiana.

Chemicals.

The substituted benzenesulfonyl azides used in this

study were prepared by the method of Leffler and Tsuno,

in which

the substituted benzene sulfonyl chloride is treated with sodium
azide in aqueous acetone.

The mp or bp of compounds 22-27 were

in agreement with the literature values as shown in Table I.

The.

N,N-diethylaminoprop-l-yne was purchased as reagent grace and used
without further purification.

with permission of the copyright owner. Further reproduction prohibited without permission.

TABLE I
Compound
Number
22

23

24

25

26

21

Compound

mp.

Lit. mp

Ref.

p-methoxybenzenesulfonyl azide

51-52°

52.5°

20

jo-toluenesulfonvl
azide
*

18-20°

19-20°

20

113-114°

114°

19

12-14°

14°

18

102°

20

52.5°

20

p-acetamidobenzenesulfonyl azide
benzenesulfonyl
azide

jo-nitrobenzenesulfonyl
azide
101-102°
2,5-dichlorobenzenesulfonyl azide

50-52°

The Addition of Substituted Benzenesulfonyl
Azides to N,N-Diethylaminoprop-l-yne

Preparation of l-p-methoxybenzenesulfonyl-4-methyl-5-diethylamino-1,2,3-triazole (2 8 a).

To a mixture of 2.13g (0.010 mole)

of j3-methoxybenzenesulfonyl azide and 20 ml THF at 0°C was added
1.30g (0.011 mole) of N,N-diethylaminoprop-l-vne in 20 ml of THF
over a period of one hour.

The solution was filtered over alumina

and the solvent was removed under reduced pressure. . A yellow oil
remained which was dissolved in 10 ml of ether and pet. ether
(60-110°) was added until the solution just turned cloudy.., Upon
standing, clear colorless crystals formed.
(58%).

The yield was 2.0g

Three recrystallizations afforded an analytical sample of

l-£-methoxy-4-methyl-5-diethylamino-l,2,3-triazole, mp 54-56°;
nmr (CHCl^-d) £ 0.88 and 1.17 (two triplets, 6, J=7, CH^), 2.24
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and 2.30 (two singlets, 3, CH^)? 3.19 (quartet, 4, J=7, CH^),
4.10 (singlet, 3, -OCH^), 8.80 (multiplet, 4, aromatics).
Anal.
Found:

Calcd.. for C

C, 51.91;

H 2QN40 S:

H, 6.13;

C, 51.85;

H, 6.17;

N, 17.60.

N, 17.45.

Preparation of l-p-toluenesulfonyl-4-methyl-5-diethylamino1,2,3-triazole (28b).

A solution of 1.5g (0.013 mole) of N,N-

aiethylaminoprop-l-yne in 10 ml of THF was added to 2.26g (0.013
mole) of p-toluenesulfonyl azide in 20 ml of THF.

The reaction

was maintained at 0° and the addition time was 1 hour.

The reaction

mixture was then allowed to warm to room temperature and filtered
through alumina.

The solvent was removed under reduced pressure

leaving a yellow oil, which upon scratching turned to a crystalline
solid, mp 45-46°.

The yield was 4.0g (65%).

Three recrystal

lizations from ether, pet. ether (60-110°) gave clear colorless
crystals of l-p-toluenesulfonyl-4-methyl-5-diethylamino-l,2,3triazole, mp. 49-52°; nmr (CHCl^-d) $ 0.83 and 1.13 (two triplets,
6, J=7, CH^), 2.17 and 2.25 (two singlets, 3, J=7, CH^), 3.09
(quartet, 4, J=7,

, 4.06 (singlet, 3, J=7, -CH^), 7.50 (multi

plet, 4, aromatics).
Anal.
Found:

Calcd. for C 14H 20N 4 0 3 S:

C, 51.91;

H, 6.13;

c > 51-85;

H > S.17:

N, 17.60.

N, 17.45.

Preparation of l-p-acetamidobenzenesulfonyl-4-methyl-5-diethylamino-1,2,3-triazole (28c).

A mixture of 7.80g (0.320 mole) of

p-acetamidobenzenesulfonyl azide in 30 ml of THF was cooled to 0°C
and to it was added 3.60g (0.320 mole) of N,N-diethylaminoprop-l-yne
in 10 ml of THF over a period of 45 minutes.

The solution was
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allowed to warm to room temperature, filtered through alumina, and
the solvent was removed under reduced pressure.

The resulting solid

was recrvstallized three times from acetone, pet. ether (60-110°)
to yield an analytical sample of 8.91g (78%) of brown crystalline
solid, mp. 131.5-132.5°; nmr (CHC1 -d) 5 0.71 and 1.09 (two triplets
9
6, J=7, CH ), 2.03 (singlet, 3, -b-CH ), 2.14 and 2.19 (two singlets
3,

3.07 and 3.44 (two quartets, 4, J=7, CH^), 7.78 (multiplet,

4, aromatics), 8.88 and 9.33 (two singlets, 1, N-H).
Anal.
Found:

Calcd. for C cH_ N c0.,S:
15 21 5 3

C, 51.32;

H, 6.11;

C, 51.26;

H, 6.03;

N, 19.93.

N, 19.63.

Preparation of l-benzenesulfonyl-4-methyl-5-diethylamino1.2.3-triazole (2 8 d ).

To a solution of 2.60g (0.0144 mole) of

benzenesulfonyl azide and 20 ml of tetrahydrofuran (THF) was added
1.60g (0.0144 mole) of N,N-diethylaminoprop-l-yne in 20 ml of THF
over a period of one hour.

The reaction was maintained at 0°C.

After addition the yellow solution was allowed to warm to room
temperature and was filtered over alumina (to remove any peroxide
formation in the THF).

The solvent was removed under reduced

pressure to give a yellow solid which was recrystallized from
ether, pet. ether (60-110°) to yield 2.2g (52%), mp 83-84°, of
white crystalline l-benzenesulfonyl-4-methyl-5-diethylamino1.2.3-triazole.

Three recrystallizations afforded an analytical

sample, mp 84-85°; nmr (CHC1 -d),

0.18 and 1.12 (two triplets,

6, J=7, CH^), 2.18 and 2.24 (two singlets, 3, J=7, CH^), 3.09 and
3.39 (two quartets, 4, J=7, CH^), 7-79 (multiplet, 5, aromatics).
Anal.
Found:

Calcd. for C ^ H , nN„0^S:
13 18 4 2

C, 54.74;

H, 6.63;

C, 54.51;
’

H, 6.55;

N, 18.17.
7

N, 18.07.
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10
Preparation of

iX-diazo-N,N-diethyl-N -2,5-aichlorobenzene-

sulfonyl-propionamidine (29a).

A solution of 2.58g (0-010 mole)

of 2,5-dichlorobenzenesulfonvl azide in 20 ml of THF was cooled to
-78°.

To this solution was added 1.33g (0.012 mole) of N,N-diethyl-

aminoprop-1-yne in 5 ml of THF over a period of one hour.
solution was allowed to warm to room temperature.

The

It was then

filtered through alumina and the solvent removed under reduced
pressure.

The yellow solid was recrvstallized from ether, pet.

ether (60-110°) to give 2.25g (61.9%) of yellow platelet crystals.
Three recrystallizations gave an analytical sample of ca -diazoN,N-diethyl-N -2,5-aichlorobenzenesulfonyl-propionamidine, mp
87-88°; nmr (CHCl^-d) $ 1.18 (triplet, 6, J=7, CH^), 2.20 (singlet,
3, CH^), 3.47 (quartet, 4, J=7, CH^), 7.90 (multiplet, 3, aromatic)Anal.
Found:

Calcd for C ,H„cCl.N.O.S:

C, 43-09;

13 lb

H, 4.46;

2 4 3

C, 42.98;

H, 4.45;

N, 15.43.

N, 15.16.

Preparation of (X-aiazo-N,N-diethyl-N/-p-nitrobenzenesulfonvlproprionamidine (29b).

To a mixture of 5.70g (0.025 mole) of d -

nitrobenzenesulfonyl 'azide in 30 ml THF, at -78° 'was added 3.0bg
(0.027 mole) of N,N-diethylaminoprop-l-vne in 5 ml of THF.
addition time was 1.5 hours.

-The

The solution was allowed to warm to

room temperature and filtered through alumina.

The solvent was

removed under reduced pressure and the solid that remained was
recrystallized from ethanol to give orange platelet crystals.

Dur

ing the heating of the compound in ethanol it was observed that a
gas was given off, presumably N^-

Afterwards all recrystalliza

tions were done in ether, pet. ether (60-110°) to prevent this

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

11

thermal decomposition.

The yield was 7.05g (81%) of

-diazo-

N,N-diethyl-N/-p-nitrobensenesulfonyl-propionamidine, mp 95-95°.
Three recrvstallizations from ether, pet. ether (60-110°) gave an
analytical sample, mp 97-98°; nmr (CHCl3-d) $
J=7, Ch'3 ), 2.24

1-15

(triplet, 6,

(singlet, 3, CH ), 3.47 (quartet, 4, J=7,

,

8.50 (multiplet, 3, aromatics).
Anal.
Found:

Calcd. for

C, 46.01;

„N,_0„S:
i3 ± / 5 4

H, 5.11;

C, 45.05;

H, 5.01;

N, 20.65.

N, 20.39.

Determination of ir spectra.

The ir spectra were determined

for compounds 28a-a ana 29a, b_ as solutions (CHC1 ) and in the
solid state.

The main absorptions and their intensity are shown in

Table II.

Degradation of l-Benzenesulfonyl-4-Methyl5-Diethylamino-l,2,3-Triazole

Preparation of N,N-diethvl-N/-benzenesulfonyl-acryloamidine
(35).

When 1.5g (0.0056 mole) of l-benzenesulfonyl-4-methyl-5-

diethylamino-1,2,3-triazole was treated with 5 ml of glacial acetic
acid, the solution turned yellow and started to effervesce.

The

yellow color disappeared and when the bubbling stopped, the excess
acetic acid was removed under reduced pressure.
oil was treated with bicarbonate solution.

The remaining clear

This solution was ex

tracted with two 10 ml portions of chloroform.

The organic layer

was dried over sodium sulfate, filtered and the solvent removed
under reduced pressure.

There remained 1.09g (73%) of white solid,

mp 83-84°, which was recrystallized three times from ether to give

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

TABLE II
Summary of Infrared Soectra3 ’ ° and
the Structural Interpretation 23
Compound
Number

28a (K3r)

(s o 2 )-n = c

o

OCH.

1510(s)

28a (CHCI )

28b (KBr)

O

C=N,

2060(s)

ch:

1520(s)

28b (CHC13 )

2060(s)

■N-C-CH.
H 0
'

28c (KBr)

1525(s)

28c (CHC13 )

2060(s)

28d (KBr)

28d (CHC13 )

1510(s)

2060(s)

1520(s)

2060(s)

1520(s)

2060(s)

1525(s)

2060(s)

1520(s)

2060(s)

Cl
29a (KBr)

r - s o 2-n

-N=N-N

1380(s)
1170(s)
1150(m)

1280(s)

1380(s)
1170(s)
1155(w)

1290(s)

1385(s)
1175(s)
1145(m)

1280(m)

1385(s)
1175(s)
1145(w)

1280(m)

1380(s)
1170(m)
1150(w)

1280(m)

1380(s)
1165(w)
1145(w)

1280(m)

1380(s)
1190(s)
1150(m)

1285(s)

1385(m)
1190(s)
1145(m)

1285(s)

Cl
29a (CHC13 )
29b (KBr)
29b ( C H d g )

0

N°2

(a) absorption maxima are expressed in cm

-1

(b) s = strong, m = medium, w = weak.
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/

an analytical sample of N,N-diethyl-N -benzenesulfonyl-acrvloamidine, mp 35.5-86.5°; nmr (CHCl^-d)

1.13 (triplet, 6, J=7, CH^),

3.47 (quartet, 4, J=7, CH^), 5.30 (multiplet, 3, vinyl protons),
7.68 (multiplet, 5, aromatics).
Anal.
•
Found:

Calcd. for C ,H„oN„S0„:
lo lO £ £

C, 58.39;

H, 6.84;

C, 58.61;

H, 6.82:

N, 10.52.

N, 10.47.

Hydrogenation of N,N-diethyl-N/-benzenesulfonyl-acryloamidine
(35).

To a solution of .201g (0.0076 mole) of N,N-diethyl-N -

benzenesulfonyl-acryloamidine in 10 ml of ethyl acetate was added
.5g of palladium on carbon (10%).

The material was hydrogenated

at atmospheric pressure and room temperature.
was measured and was 0.0074 mole.
10 minutes.

The hydrogen uptake

The reaction was complete after

The solution was filtered, and the solvent was removed

under reduced pressure to give a quantitative yield (0.20g) of
N,N-diethyl-N/-benzenesulfonyl-propionamidine (36).

The analytical

sample was obtained by three recrvstallizations of the sample from
ether to give needle like crystals, mp 95.5-96.5°; nmr (CHCI -d)
.—
-2
8 1*18 (multiplet, 9,

3*18 (multiplet, 6, CH^),

7.66

(multiplet, 5, aromatics).
Anal.
Found:

Calcd. for c 13H 2oN 202S:

C, 58.22;

H,

7.46;

C ’ 5S'23’

H ’ 7’53’

N ’ l0*4 5 *

N, 10.22.

The Synthesis of N,N-Diethyl-N/Benzenesul f onyl -Propionamidine

The preparation of N,N-diethyl-propionamidine (3 8 ).
compound was prepared by the method of Pinner,

27

The title

in which equimolar

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

14

amounts of absolute ethanol, propionitrile and HC1

(gas) were

allowed to react to give N,N-diethvl-propionimidate hydrochloride
(37).

This imidate was then reacted with an excess of diethylamine

to produce N,N-aiethyl-propionamidine hydrochloride.

The amidine

hydrochloride was converted to the free amidine by treatment with
an excess of 33% aqueous K^CO^, extraction of the solution 'with
CHCI,, and drying the CHCI

layer over Na„SO .

The solution was

distilled at atmospheric pressure, collecting the fraction between
179-181° (Lit bp. 182°).21
Preparation of N,N-diethyl-N/-benzenesulfonyl-propionamidine
(36).

To l.Og (0.0078 mole) of N,N-diethyl-propionamidine was

added 2.74g (0.0156 mole) of benzenesulfonyl chloride and 10 ml
of 10% aqueous sodium hydroxide.

The solution was stirred for 10

minutes and then extracted with chloroform.
dried over Na2S0^.

The organic layer was

The excess solvent was removed under reduced

pressure.

There remained l.Olg (50%) of white crystalline material,

mp 95-96°.

Three recrystallizations from ether gave an analytical

sample of NjN-diethyl-N^benzenesulfonyl-propionamidine, mp 95.596.5°; nmr (CHCl^-d) $ 1.18 (multiplet, 9, CH^), 3.18 (multiplet,
6, C H ^ ), 7.66 (multiplet, 5, aromatics).
A nal.
Found:

Calcd. for c 13H 2oN 202S:

C, 58.00;

H, 7.51;

C ’ 58*23;

Hj

7,53;

N ’ 10 -45*

N, 10.37.
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DISCUSSION

The Reactions of Substituted Benzenesulfonyl
Azides with N,N-Diethylaminoprop-l-yne

Benzenesulfonyl azide or benzenesulfonyl azides substituted
with electron donating groups reacted with N,N-diethylaminoprop-lyne at 0°C to give colorless, crystalline, 1:1 aaducts whose ir
(KBr) and elemental analysis were consistent with a triazole
structure 28.
CH-CEC-N(Et)
3

+ N -SO -R -----> CH -C=<^-N(Et)
o
iL
N
N
^ ' V a r,
28a-d

22-25

22, R =

-Q.<XH3

28a, R =

23, R .

- Q * C H 3

28b, R =

24, R =

/=\ H 0
- ^ J h N-C-CH3

28c, R =

25, R .

- Q

28d, R =

Q

’““ s

-

>— v ¥ o

O

However, when substituted benzenesulfonyl azides containing electron
withdrawing groups were reacted with N,N-diethylaminoprop-l-yne
at 0°C no products were isolated.

When these reactions were per

formed at -78°C, highly colored (yellow to orange) crystalline
compounds were obtained in high yield.

The ir (KBr) spectra of

these compounds showed an absorption at 2060 cm.
of the diazo functional group.

-1

, characteristic

The spectral data (Table II) and

15
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the elemental analyses were consistent with the formation of an
-diazo amidine 2 9 .
CH -G=C-N(Et)
+ N -SO - R
3
2
3
2

C H 0-C-C-N(Et)
■
3 // \\
2
n2
n - s o 2- r

26, 27

29a, b

Cl

Cl
29a, R =

Cl
27, R .

Cl

-Q-NO.,

29b, R -

- Q - » 2

Further, when any one of the triazole compounds (28a-d) was dissolved
in a polar solvent such as CHCl^, a yellow solution resulted, whose
color was roughly dependent upon the polarity of the solvent (i.e.,
the morg polar the solvent, the more intensely colored was the
solution).

The ir of the solution showed the diazo absorption at

2060 cm

If the solvent was then allowed to slowly evaporate, a

.

solid triazole was obtained whose ir (KBr) again showed the absence
of the diazo group.

These experiments show that compounds 28a-d as

solids are completely in the triazole form but in solution these
triazoles exist in equilibrium with acrylic#-diazo-amiaines 30a-d.

CH -C=C-N(E t )

Polar
^ -----^

CH -C-C-N(Et)0

28a-d

30a-d

30a, R =
30b, R =

0 * 3

30c, R =
30d, R =

o
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The nmr spectra provided a method of quantitatively measuring
the equilibrium mixtures of 28a-d and 30a-d.
appeared as two separate singlets,
appearing quartets, and
H

R

ia

c h 2-c = c

N

V

and

r ic

and

as two closely

are seen as two triplets in the

H

-n (c h ch2 )2
N

and

Protons

~

h/

h/

c h 2-c - c -n

(c h c h 2 )

^ is

f/

fr

/If

NS02-R

N2 N-S02-R
/

nmr spectra.
and

By comparing the integration ratios of H

or H_ and

S

and H

3

,

, the percentage of triazole, cx-diazo-

amidine adducts was measured (Table III).

In addition, the nmr

spectra of a day old solution (CHCl^) of p-toluenesulfonyl adauct
(28b, 30b) was taken.

The ratio of the triazole, cX -diazo-amidine

tautomers remained unchanged, showing that the equilibrium was
established quickly after the sample was dissolved and did not
change with time.

TABLE III
Compound
Number
28a
28b
28c
28d
29a
29b

% o(-diazo
amidine (CHCl^)
15
18
32
33
100
100

Hammett
22
Sigma value

'

-0.268
-0.170
0.00
0.00
> 0
+0.778

The percent of triazole is dependent upon the electron re
leasing or withdrawing ability of the substituted benzenesulfonyl
group.

When the Hammett sigma values of the substituents were

compared with the percent triazole (Table III) it was found that
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the more negative the sigma value (more electron releasing the
substituent) the greater the percent triazole found.

However, when

the benzensulfonyl group was substituted with electron withdrawing
groups the equilibrium was shifted entirely in favor of the
-diazo-amidine adduct.
The effect of solvents on the equilibrium of 28d and 30d was
measured and the results are shown in Table IV.

In general, the

greater the polarity of the solvent, as measured by its dipole
moment, the greater the percent of 30d.
the experiments of Hermes and Marsh
1-cyano-l,2,3-triazole and

^3

This is in agreement with

with tautomeric mixtures of

oK-diazo-n-cyanoethylidenimine.

The

exception to this trend was chloroform, here the percent of 30d
was greater than would be expected on the bases of dipole moment
alone.

However, chloroform would be able to hydrogen bond with the

more polar 30d, shifting the equilibrium towards 30d.

TABLE IV

Solvent
Benzene
Chloroform
Pyridine
Acetonitrile

28d (%)
81
64
76
67

30d (%)
19
36
24
33

Dip°le

Moment (DEBYE)
0
1.10
2.20
3.39
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2R

PROOF OF STRUCTURE

There are two possible inodes of addition for the reaction of
substituted benzenesulfonyl azides with ynamines, 31a or 31b.
CH -C=C-N(Et)_
'n
2
r -s o 2 s n

CH.-C=C-N(E t )„
3»
N
2
L s o 2-r

31

28

R = aryl substituent
There are two factors controlling these additions.

Sheehan and

Robinson'’ found that in the reaction of propiolaldehyde diethyl
acetal with phenyl azide, the major product was l-phenyl-4-carboxaldehyde-1,2,3-triazole which they attribute to steric factors.
For the reactions in this study, steric factor would predict the
product to be 31 because there is less steric hindrance between
the R-SO^- and the CH^ group in _31 than would be between the -NCEt)^
and R-SO^- groups in 28.

If electronic factors are considered the
• 24
25
L'Abbe,.
Huisgen

reverse mode of addition would be expected.

and others have shown that the electrophilic attack occurs at the
o(-nitrogen atoms and nucleophilic attack at the azide terminus.
Also, for the two octet resonance reference structures of the azide
group the double bond character is decreased
of acyl, ester, or sulfonyl group.

24

by the introduction

This means 32a would be of greater

importance than 32b.
-

+

r-so2-n-n=n

+

^

^

-

r-sc>2-n=n=n

32a

32b

19

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

20
Also, from all experiments on ynamines it appears that the resonance
reference structure 33b is of predominance.

26

CH3- C = C - N ( E t ) ^ ------------- > C H 3"C = C = N(Et)
33a

33b

Therefore, for the present reactions 34a would be the expected
mode of addition because of the greater separation of negative
charges than in 34b.
—
+
CH3-C = C = N(Et)

—
4CH3-C = C = N(Et)

X

/ n -so2-r
N

R-S02

N

+

+

34a

34b

The actual structure of the triazole (or
determined by chemical degradation.

-diazomidine) was

When l-benzenesulfonyl-4-

methyl-5-diethylamino-l,2,3-triazole was dissolved in glacial acetic
acid a yellow solution was formed.

This solution began to effer

vesce, heat was evolved, and the yellow color disappeared.

A

white crystalline solid was isolated from this reaction in high
yield (70%).

Analysis of this compound indicated that a molecule

of nitrogen had been lost and the nmr showed the characteristic
ABC pattern of vinyl protons.

The compound that best explained

this data was the acryloamidine, 35.

This compound was then hydro

genated using palladium on charcoal (10%) to give N,N-diethyl-N7benzenesulfonyl-propionamidine (36).

Although, amidines are a well

known class of compounds, this particular one has not been reported
in the literature.

This compound was synthesized by reacting
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\,.\'-diethylproDionamidine (35), prepared by the method of Pinner,^
with be.nzenesulfonyl caiorice in the presence of aqueous sodium
hydroxide (10%).
(36)

The i\',N-diethyl-.\'/-benzenesulfonyl-propionamidine

prepared by this method had identical ir and nmr to arnicine

preoarec by the degradation of the triazole.

Further the elemental

analyses, melting points and mixed melting points were identical
proving compounds to be identical.
The formation of the propionamidine (_36_) and its precursor
(3 5 ) can only be explained if the mode of addition is as indicated
in structure 28a.

This also means that the addition of substituted

benzenesulfonvl azices, studied in this work, to N,N-diethylaminoDrop-l-yne is determined largely by electronic effects.

It would

also seem reasonable to assume that the 0(-diazoamidines are formed
through triazole intermediates, as in the case of the addition of
benzenesulfonyl aziaes to ethoxyacetylene or enamines, and there
fore have the structure 29.

In fact, when N,N-diethyl-N /-p-nitro-

benzenesulfonyl-propionamidine (2 9 b ) was reacted with glacial
acetic acid, similar to 28a, it gave a compound whose nmr spectra
was identical with that of the acryloamidine, 35., except of course
for the aromatic protons.

This again can only be explained if the

o-nitrobenzenesulfonyl adduct has the structure 29a.
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HOAc
> CH„=CH-C-N(E t )

28d

N
,
N-SO -ty

H„(l atm)

—

---------- * \

Pd/C (10%)

35

CH-Ch'

- C-N(Et).

3 2

II

'

N-SO
36

,NH Cl"
EtOH + CH CH CN r HC1
3 c

> CH C H ^ C
o

37

,NH
CH_CH0C'
3 2 N(Et)2
38

10% NaOH
+

©-SO - C l
T
2

Et

1. Et2NK
2 . 33% K.C0o
2 3
------------ — >
3.
(181°)

^-SO

“ “2

> CH CH -C
3
N(Et).
36
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SUMMARY

The reaction of substituted benzenesulfonyl azide with N,Ndiethylaminoprop-l-yne has been studied.

As solids, the products

were found to be dependent upon the electron donating or with
drawing ability of the aryl group.

For electron withdrawing sub

stituents on the aryl group the products are

,~\-aiazo amidine adduc

When the substituents on the aryl group are electron donating, the
crystalline products are v-triazoles.

Further it was observed

that in solution the v-triazole existed in equilibrium its
d'-diazo-tautomer.

This equilibrium was found to be influenced

by the electron donating ability of the aryl, substituent and the
polarity of the solvent.
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